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(54) OBJECTIVE LENS, OPTICAL PICKUP DEVICE AND RECORDING/ REPRODUCING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a high NA objective lens, 
wherein a lens is constituted of three lens groups, and the 
curvature of the lens surface is mitigated by dispersing the power of 
the lens surface with reference to a high NA luminous flux, the 
eccentricity allowance between the lens groups, a viewing angle 
allowance and an operating distance are satisfactorily secured and 
to provide an optical pickup device and a recording/ reproducing 
device. 

SOLUTION: The objective lens is used for recording/reproducing 
optical information on/from an optical information recording medium, 
and the lens is constituted of three groups of a first lens group, a 
second lens group and a third lens group arranged in order from a 
light source side, and the numerical aperture NA on the optical 
information recording medium side satisfies 0.60<NA<0.99. Besides, 
the lens is constituted of three groups of the first lens group having 
a positive refractive power, the second lens group having a positive 
refractive power and the third lens group having a positive 
refractive power. Alternatively, the lens is constituted of three 
groups of the first lens group having a negative refractive power, 
the second lens group having the positive refractive power and the 
third lens group having the positive refractive power. 
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#«©WD»NA©f83W*SC ( 1 ) Zmc-tCt*®®. 

0. 60<NA<0. 9 9 ( 1 ) 

[ooi i ] mi<oM^}^>xt,cj:tni. #«ja>e>Mi 

tc. milx>X8f. |g2U>Xgp. teJ:C>*m3 P>Xf¥ 
*5Kg3n/c3ePtgE!Etf -SCi-C. NA©lilA5(l) 
S*ifct<t^%RNA©U>Xt?*->tfc, .SNA© 

^{c^-rsu>Xffi©®^*^-tScc*-5©r. su 

>xffi©ft^s/jN3 < «co -r. immomhfrftm. 
zctftxz z> ox. v^x$Lmcm^z>& 



(6) 



2003-84196 



10 



r 



WtoT.ft&mttjiZ. £tc. gl/^Xit©M©I}f 

ft#t/h3 C»©T'. & vyxmx-<DWM.<D3t%.m.ifi>hz 

<. iliNA©*&K::tet>T^fflJ|m£ttDto£-r£fg 

[00 12] #2£9I«:<fc&fff2©*M2jU->Xtt. 

>X#. ]Emftt>Zm?Zm2 U>X®f. fciDuDSflT 10 

0. 0 1<(X 1 • +X2' +X3 
(3) 

XI" =X 1 • (nl-D'/f 1 
X2' =X2 • (n 2- 1 ) » /f 2 
X3' =X3 • (n3-l)Vf3 
fetch . 

X i : Tlcf^Cgig/T? b?I2JS i U>Xi¥©Sfc*igHSJ©ffi 

©if*«:&-r-5¥ffi£. ws&s&jsia (±ibnacd-7- 
>\-itmvx®? zmmm i u>xp©st*as<Bij(D 20 

E±©{ig) (cteWSftrfBlft i w>Xgp©^t^®§iJ© 

Mi©*#^|6j©^ (mm) "C. ±158^®£gig<!; L 

•C7ttt?filBI*«li*©^|6]CCl"J^,^^?:IE. ^©^fifC 

«"l£*B££:e£-r& ( i = 1 . 2. 3) ft#5£(4) 

n i : miiW i U>Xgf©^©2gSCCfcl-f ^JSSf^ X t,\ 

0. 3 0 < r 1 /CCn 1 — 1 >• f 1 )< 1 . 40 
0. 2 0 < r 2/C(n 2 - 1 )• f 2)< 1 . 20 
0. 50<r3/((n3-l)-f 3)<1. 50 
[0 0 1 6 ] Jhi&D (4) TbM (6) 3£«:, 30©U> 

xp#T^riE/S#T*£Wir£il^t£:*$i>T. *M$5U> 30 
XJC|4fe*^A«-r •SiS^iC i££-r & a vitm*^» 

VHs^XtTZtdbOgsttX-ilbZ. 

[0017] &tc, mizm 1 \s>xm<Dmh'*i--P 1 

(mm" 1 ) . wfie^2 U^XfflfOifiii/Sv-P 2 (m 
nT 1 ) . 8512^3 U^XgfoafA-'N-c-P 3 (mm 
" 1 ) , te£UmU1fimvisXo>mk^'J--P (mm 
" 1 ) (Dm&*ti?ti,X& ( 7 ) . (8). (9)«tt 
tctCti>m£L^. C©<fc"5{C. 3T?©U>Xgf#-f 

^riEissf^w-rsJS^ccfc^r. §u>xfflf©jg« 40 
^•9-£#^u>x©istt^7-#^*ve*i (7) nm. 

(9) S*«fcri*{C. 4^fcff«pffi«*tt«0T 
6. #U>XH©#J*ffi©miA*ftS£*#<-r£C£ 

#-c-#, */c. u>x^B$©u>xffr^©(isi^e 

0. 1<P 1/P<0. 5 (7 ) 

0. 1 <P2/P<0. 6 (8) 
0. 6<P3/P< 1.4 (9 ) 

[0 0 18] £tc. *l6WCCj:-S,m3©^U>X«. 



0. 60<NA<0. 99 (2) 
[0 0 1 3 ] ^2©^b>X(c«J;n«. 3o©b>X 

Trss&m^o c©<t#, su>xgf© 

S^*®W©ffi©+>-^fi (X i {fetch i = 1 . 2. 
3) ) «^©^ (3) WctCir, igNA©3fcigKC 

[0014] 
)/(NA 4 f (1 + I m I ))<0. 10 

* ( i = 1 . 2, 3) 

f i : m&mi \s>Xm<DM£&M (mm) ( i = 1 . 
2. 3) 

f : Ii5I2#^U>X©MKi£^{*r©j|o£J6SK (mm) 
m : Btffe>Pt^U>X©*£^^ 
[0 0 15] ±^©miR0 c ®2©)lPttJU>X{c*j(,» 
■C. MlB^l U>Xfflf©jg4>^jiSiiJ©M©i5l6ft*¥S 
r 1 (mm) . B«SB»2 U>Xg¥©gfc^iSffiiJ©M©ia 
$&ffl^&r2 (mm) . fc<fcO-Hul2^3 U>Xf¥©S 
fc7ySfl©ffi©ifi!Aft^¥& r 3 (mm) ©fiI#-€-*i^ 
. (5)> (6) ^fit/clTC 

(4) 
(5) 
(6) 

x-c&ot, 3t®«j^6)iH{c. toafiT^^wr^isi u 

is>zmi&m2i\tc3mmi&zGis. 
ffiummmwmomn&M Kom»#& (io)« 

0. 6 0<NA<0. 9 9 (10) 
[0 0 1 9] 3SffiiJa©it;NA*f!&b>X-C«:. U>X 

>h2 <i£*)W*>T-$>2>. i!5NA>Fl^U'>X©g3tr«{ / P 
T\ lg3©^U>X©<t i 5{C. *t#»U>X€r«fiX-rS 

3o©u>x^©^%. i^^s*f^i^^-r^*u> 

Xgf<hT£.fc. i^NA©3i¥^l&©*tt2!IU>X-C£>-oT 

>xm*, g^3feiswtcieg$n/cig i u>xgfr*^ 

g§ftfcsf?3 u>xef©^ffi©miA^ftK^A#< tt 
o-r^^^i^jcr^-So c©£#. f&©2o©w>x 
mzmm9rt>zm-?2>iEv>xmx-$>z><Dx, i^na© 

V >Xffi©/Sttf;W 2 o© u > Xgf tc^-t5( 
±l2 2-o©iEu>X8¥©§U>X®©tt^*5/|\§ 



(7) 
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C 



[0020] c©<t*. &u>xm<Dmbicw.m<Dm<D 

(X i (tctcls i = 1 . 2 . 3 ) ) «*©:£ ( 1 * 
0. 0 2<(X 1 ' +X2' +X3' 
(11) 

XI' =Xl-(nl-l) 3 /f 1 
X2 - =X2-(n2- l) 3 /f 2 
X3' =X3(n3-l) 3 /f3 

/c/cU 10 

x i : ftmcmm-vffi&.m i iy>xm<Dm.i>^tmm<Dm 
©ntsccss-r soffit, ^s^iaia (±ibna©v- 

>>^Jl/3fe^* s AS*f £HufBJfr i U>Xgf©g&#j8®j(£> 

mt<mmm$\<DWi (mm) r. ±feig¥H*s«i l 
mzmszntrz ( i = i . 2 . 3 > . 

n i :SulB^i U>Xg¥©3fc«i©jfc£K::teW£Ja*r* * 

-1. 00<r l/((nl-l)-f 1)<0. 
[0023] 20 

0. 3 0< r 2/((n 2 - 1 )• f 2)< 1 . 

[0024] 

0. 50<r 3/((n3- 1) 
[0025] ±i£© (12)M(14) Sfl 1 V 

[0026] mnzm 1 u^xfiKwan^-p 1 

(mm" 1 ) . B?IB^2 U>Xffif©jfiK|/<>7-P 2 (m 
nT 1 ) . hmI2^3 U>Xm<DiSM>*'y-P3 (mm 
" ' ) . ii<fcO'BtrlE^U>X©ittlA/W-P (mm 

- 1 ) ©«#•€■ ft-en^ < 1 5 ) . ( 1 6 ) . ( 1 
7 ) *$S;rc-rc£*sfrf*iA>. 

-0. 5<P1/P<0'. 0 (15) 
[0027] 



* 1) tifctCir. «NA©7&f§l«C*K,-Cfc. S5ffiHX 
[002 1] 

)/(NA 4 • f (1 + I m I ))<0. 12 

* ( i - 1 . 2. 3) 
f i : SffieUt i ls>Xm<DM£&m. (mm) ( i = 1 . 
2. 3) 

f : mU1fify\s^X<DmMmi&X<DM£m& (mm) 

m : mim^>x<Dmmm 

[0022] Sfc. mSZm 1 U>XSf©Sfc«ffll©ffi 
©jS8lflp£¥S r 1 (mm) . mm2 U>Xgf©g& 
3fca?,ffliJ©ffi©ifililft^S r 2 (mm) . teiO'iSISSfl 
3 U>Xffif©ftfc*aHgiJ©ffi©i5Wft^S r 3 (m 
m) (Dm^tl^tl-X^. (12). (13). (14) 



0 0 



7 0 



( 1 2) 



( 1 3) 



( 1 4) 



30 



0. 3<P2/P< 1 . 2 
[0028] 

0. 6<P3/P< 1 . 4 
[0 02 9] ±m<DJ:'>lC 
Wl, I&2 U>XBf. 



(16) 

(17) 
1 U>Xg¥AmSST*5r 
*JcfcO*^3 U>Xff^iEJl^^ 

>x©iai4^->7-*5-e-n-en ( 1 5 ) nm ( 1 7 ) it* 
Sa©^ffi©mii*ft)S ; 5:^:#<-r-&ci*5-c#. $ 

[003 0] BirlBfg 1 U>Xg¥©7feiA±©^3 d 

1 (mm) (18) ?:i/ctCiWSll,». 



f 3)< 1 . 5 0 

[003 1] 

0. 8<d 1/f < 1.7 (18) 
[0032] C© ( 1 8 ) mt. m 1 U>Xgf#ji®fr 
MWl/, ^2U>Xg¥, fcctt>'JSI3 U>Xgf#IEJBflr 

^j^w-r^ti^Jcfc^-c, mi u>xffif©u>xffi©d 

S4Cj;^a-7jRM ; &^$<«I^.^/c«!)©^fr-C*>.5. HI 

(18) S^Ifc-fi^KtSi. ffll U>Xfff©SJf'? 
^JC»^-2.it^ffii^#<t--2.C<5:3!>5-c#. ®1U> 
X»*«ff LBU U >Xi £ C <t*S-C# 
[0 03 3] ±j£©jfll ~JjS3©*H&U>X«3fc 

\mzm.mm\<Dffiu&N A<Dm^x& (19) *wa: 
-rc 

0. 85<NA<0. 9 9 (19) 
[0034] ifc. ±m<DWl ~^3©>Ft!e?U>X(i. 
H?l2mi U>Xgf©jg4>3fejSPJ©®. B?IB!fl2 U>X?¥ 

ffliJ©H© *> < £ 2 o©ffi##I*ffi i^hSCi 

[003 5] ±&©J: m l U>Xi¥©ffc*>7fci8iWJ 
©ffi. HI2 U>Xg¥©j&fc«gffiiJ©ffi, fc<fc^3U> 
Xgp©^fc«.ffl"]©®© *> < <t & 2 -?©ffl£^I£ 

iB#fc»^KjF64-r43-?«ai*J»f«:liliE"C#.5. 
[003 6] S/c. ±&©3fn ~!fS3©*j1*9U>X«:. 

so ^mmmmwo^Mmmm^mmLx^^mmmom 



r 
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t (mm) ©«S(2 0) WctCiW^l 

[0 03 7 10. O^t^O. 15 (20) 
[0038] C© ( 2 0 ) 5%£. 7ttt$R12tajS{*©X* 

iesassf*©«gji©&iiftj?;* Kwrztkttt-c&z. 

Jffl!l/>X©MAS0. 8 5<fcOAi$tl/c^W. 
*W$RieiS^f*©«SI@©i|t<^^0. IOmmJ:f)^ 
<t5CiT, CD^DVDft£©t£fc©3£tit*Riai§ai 10 

-CC<fcoT:3-7JKM{;J:£Dft<,>©T\ *^K«tS*t^5 
1cm V > X<D^r-E)5ffiJRMA^iE $ ft S J: 5 
[0 03 9] gfc. ±i£©lfn~ffl3©*]!&JU>Xtt. 

xr&o-c. ButeftSAoffl^s; (2 l ) mtc 

i^S^UU. 20 

[0 04 0] 

3 5 0nm<A <6 5 0 nm (21) 
[0 04 1 ] ±^©<fc^CC. #2iW©*t!&)U>X£i5ft 

-r^KcD^tts^g^ (2D %zmtc-?ji*)rj:<mm. 
mttz ctt, (2i) ^sifc-r&s^^s-r-s^ 
m^-r z&mmmit tr 7 >7? xgg<N©®flg#Joj 
8t£ft£. i£ft&g#*ai&g£ft££. u>xi?j»b$© 
flFSSaS**'h3 < ft #f&ipJ©*M25 U >Xtt 3 S¥flt 
^WL. l^>Xffi©JStFr:ft£#ffcl,/c©rf^&5# 
JSjfcgt? h o X i> U > X$SjSB$©t^gi^AVJ\;i < ft 9 30 

[0 04 2] g/c. ±ao^l-S3©JPtiU>X|J, 
4>ft < t i> 1 -3<DS*5^«©|51Jr«ig*Wr^Il*fffi 
££ft£C<!:#«F*0C>. 

[0 04 3] ¥3W*U— !f*>6lBW3tiSU— «f*tt- 
»cm^S <5/>y**-K) "C&O. feiRMttft^i 

ftT(,>S<fc^«:d«=A/ (NA) 2 -C-mZtlZ. Ltcfr 40 
oT. NAA^t < ftSBi'J**SS«/jN3 < ft&© 
■C. NA*50. 9 0 J:9*£3ft/ctt135U>X-CW:¥al 
ffcU F* e>i/4tJ:9£i;-5>eiJKi!K:J:S* 
0. 60<NA<0. 99 

[0 04 6] itc. *^(cJ:^^4©^b>X«. 
^1 U>Xf¥«iDl^?:WU. SS2 U>Xf¥»:&®£f 
MWU. IS3 U>XgmiB3#f;>3£WU f!U U>XX- 
v d 1 > i/ d 2 

[0047] iS(23) «. fSBft«^-CW±feJRM 
£*iIE-f 2>/cS?>©. |g 1 U>Xgf£Jf£2 U>XS¥©T v 50 



(8) #PfJ 2 0 0 3 - 8 4 1 9 6 

14 

< ft z> tt ^««SEf tec j; &n 

*r*3£<fc#*# < ft S©-C. S*fi***U-?f*«» 
-<rSJ&&. F*v b , >^(c < fcO*t^b>X-C«feJR 

£#*#<2££-r&. ^©jas*s^<ft^,«i'*ft!iu 

>X©^.^gtt/jN5 < ft£©-C\ ftT^ftT^ 

s ti^cc u > x©fenx^iiiE©^tt«at * is < 

ft&. feiRM£»iIE-f-S> #&<!:(, Ttt. fll A tiffin tc 
T •;< -<&©*£ t, >IE b >X £ tB^^tC T ? -<8t©^;* C > 
iU>Xi©g^^U, C© 

t§£. *tau>x©mfi#*#< ftoTL-s^r-. ^ 

*f$0<ftl>. -ec-c. _hj£©J:*>«:. 4>ft<£felo 

©ffi±(cts^«©ii5r^^^wn(3:. is>xtmzw 

C £ ft < feiR^DffiiEfc-r -5 C £ £ 
[0 04 4] ±^©H1 ~Hf3©*fB5U>Xtt. 

C©«t^{C. #2PJ©^U>X£X5'X^;^ttf4#> 

6^fS-r^£. {4^©*St>3f¥«Si$©igNA*];&ju> 

? * x - 3f KJ; U > X© J: *) ffl8fe&mffl®1fi dJ 
#g£ft-£.„ -e©ISIII. ■7*-*^>y^M©fii«, 7> 
^ ^ x - £ ©/]^(b. T * * x - £ ©*S^b^*5^ 

Sft4L//cJt^CC*tS?glE^!S(*©®fB?rRft <' C <b ifi~C # 
J^rilS 3mmtCteW.S*a3a^*58 b%IH±VS>-oX 

&m&*m&o. 5%MTx-$>ztm*wgLi,K c© 

[0 04 5] */c. *^KJ:?>ll4©^U>Xtt, 

xt$>ot. ^fflijA^Jicc mi i»>xm. mzvis 

Xgf, fej;^3 U>XS¥#ieg$nfc3 8M&££*r 
L. ^3 U>Xef©S4>*©fa]<DM*^^ffi<!:$n. * 
tt$RieiS«H*«iJ©SP^N A©fit*5^^ (22) ^iffifc 

(22) 

^SOdlCT^Iivdl, *5<fcO'ffl2 U->Xf¥©d^ 
©r-^l(i/d2 ©ffl*i^ (23) £ii3Sfc-r C £ 

(23) 

^IfcttM-rS^fr-C&O. (2 3) ^jftfc-TCitcJ: 
0. $4±feiim*^f4CffliE$nfc3=t#IU>X£-r-2.C 



(9) 
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<L*5-C£ Sfctf). «U58EK©/hSl> (22) iS©^ ft 

[0048] ccx\ ±.m<Di , pmzmi&-r stent. 

(24). (2 5) ^^fc-rci^OSfSUC^ 
i/dl>5 5 (24) 
i/d 2<40 (25) 

[0049] 564c. m3u>xm<omi>^tmm<Dm^ 
[0050] ttc. mi visxmfr&Wfcjjtti;. m 

dl. 4j«fcC/^2 U>Xf¥©dl£©T -j^WLu d 
2©«*5^S; (2 3' ) CtT?»l±6iRi6*a 

mmm-ctz. * 

0. 05<d 2 , /Zd<0. 3 5 
[0 0 5 5 ] ±IB© (2 6 ) 5£«, m 1 U>Xg?©U> X- 

xffipa©igs©im^«t. uvxg^©^©!*^ 20 

m&'<?^**tZtc&(Om$j£X-3bZ>. (26) 5£© 

JJRfciBA-c. d 2 3 com&*:%<tj:Z>t. mi u>X 

Xgf©« 4>^»J©ffi©(iSK: <fc SttlBAttCD^fbtZ^h 
$ < m3 u>Xf?©*> i fe^W©iB©*« 

iH©fliifta»j*# < &s/c*. m2 w>xmtm3 1> 
>x»± <t z$mtmoy£it&*LZ < a 

o-rrcL*t». ffl£-et)s&©i$tA5ii*u ^gnx 

h©±^*5Jg*$n-6. (26) 5e©Tra£iiiA* 

0. 1 0<d 2 , /Sd<0. 3 0 
[0 05 6] */c. ±a©^U>X{ii^SA©fflA5^ 

^(28) ©ffl*?i/c-r*j®*wrs^f 
mm<Dttwii>isX'cibz>ctzw®.t?z>. (28) ^ 
©<t^nc^s©7fe(c>ptbr4>. #»9hcj:s#»u> 

35 0nm<A<650nm (28) 
[0 05 7 ] £tc, ±.mLtc£0lC. 3 tfcflt)5R©*tt3j U 

>X{c*si»-r. tiMWtcr y<fS©A#«.». JE©Ja#r;*j 

©*iIE£tTo/ci§^. ^1 U>X©^^J1 (CtfJl) ** 
/M<&0*s%-C*5. mi U>X©^^J?$:Fi^-rs 

^s^L-c. m i u>xi®2 u>x©5<,>cc*fr6rr£ 

ft^ffi©ffi*£*ifairsc£#^*6tt.2>#. C©i§ 
^. SI U>Xt^2 !/>X©*t|iil-r?,36fIK:feWS 

[0058] -ec-c. #f69,tcj:&m5©*Mau>x 
«. 3fef»$Bie^^#©ie»*s«fcu : /*fc«fi^ffl©^ so 



(2 



i/d Ki/d2 (23' ) 

[0 05 1 ] <fcf)#£C<«. ;XS(24' ) 
5' ) «fctCit*l,. 
i/d K40 (24' ) 

ud 2>5 5 (25') 

[0052] sfc. msm i u>xgfimriem2 u>x 
gKi<t«>4c itt©u>x*»6fljj&;*ft, Buiamiu>x 
i¥£B5iam2u>x©f«jg^$nfc^^u > b-c&s 

£. &£B©##Bim^iiEftffl«:J:^-C. cfcOW® 

[oo53i*fc, mimmmm#m<Dffln&H A<om 

#0. 7 5<NA<0. 9 9-C*£C<fc#$?*Gl>. 
[0 05 4] £/c. ±)£©*M2jP>Xtt. m2U>Xg? 
tm3ls>Xmt<D%M±.<Dmmd 2 , (mm)£. 

EHj£*-C©3fc!4±©iE*| (U->X^g) 2d (mm)© 

(26) 

r. d 2 a ©<fi#/h;* m3u>xef©feoi 

fe*w©ffi©#^®©miifte*vh$ < tzztctb, m 

2 U>Xgfim3 b>X^i©^f6©(i^;{Cj:-5?gffiJR 
^©sfcttli/hS mi V>XWt<D&$>ytMM<D 

mo>\&mm^<ts:z>tc#>. mi u>xm<D&i>*Mm 
*t,v mi visxm<D>&mimm\t?z>. d 2 3 /z 

d©fil# (2 6) ^©®ffl(*3-C*-5.i. U-VXBP.8©^ 
:K©*lF£&2fci W>X^©^©|^^©^*7>X 

ztzctv-ezz. ±ie©^ffl^fS-rs«:«. ^ 

(2 7) £?SSfc-r©#J:9»SlA> 0 
(27) 

l/>XT-*-,t, 3fejgtfllJ*i6»tC. iE©^**^^ 

mi u>x. Buiami u>xtcissjgi,Tg:w6ttii©/s 

5r»?:WtSf2U>X. fc<fcO'iE©®«f^^Wr-2.m 

3 l^>X#iEg3*/t3ft«l)&=&*rU Buiamiu>x 
©3feiSffJ©^ffi. *5 J: jy-'mriem 3u> x©^jgfflij©^c 

[0059] «±© j: ^ k. m i u>x<Dftmm<Dyt¥ 
m*mmt?*>t. mi u>x<D&%m&is>zmx 
±.?$mt tehteimmmmzntc 3 ^^©^u > 

X-c * o r . #«ffi©iRM*iiEff m fcio T^ffiiRM 

■c#s. c©i*. m3 v>x<oitmm\<D%^mhim 
ii«ctt, i3u> x©^ttfRiei*/S^ffliJ©*^ 
or issfe-j- zmwi&mz &*ficffiiE? z c t a^-c # © 

•C. <fc0^14#g%>Pfiau>X<tT-5Ci*s-Ct^„ 

[0 06 0] m5©M^u>xcctet,^rm 1 w> 

XOd8©7 ;'<S!i'dl. te<tD : m2 U>X©d^© 
7-;^i/d2 ©ffirt^jS (2 9), (30) %mtc? 

ct^tcrn 1 u>x<tm2 u>x©w4?:ji!R-rst. it 
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i/d 1>55 (2 9) 

»d2<40 (30) 

[0 06 i] *&. ±is.<D{mzms.-?z>ia*. -xx. 

(3 1). (3 2) Zmtc-?<D&£<m£H.K 
vd 1>60 (3 1) 

i/d2<30 (32) 
[0 06 2 ] SHI l/>Xi^2 U>X«}g^$n 

[006 3] */c, ±iHm5©*f^U>X«:#t»$RfeSi 
!««:(»l©^n^NA©«i^X^ (3 3) ^mctCtifi 

0. 75<NA<0. 99 (33) 
[ 0 0 6 4 ] IE • n ■ lE<Dmi$.*:m-?Z>3ftmf$.<DZt®) 

u>xcc*si>r. ±5$ (3 3) ©.t^fcESN A(t sn/c 
mi b>x©^/?#!mt/h£<ftDir^-cL* 

l\ mi U>X©JjtJX#Bit<!:ftSa5. m5©*N25U> 
X-Ctt. mi U>X©3fcMJ©*^ffl£#I*Ba£L7c© 

-c, mi is>z<D&i?mzm&Ltcm-£;-ei>. imw<D 
[006 5] hi stt^-r £-5«:mi U>X©t$J 

4>J¥3dc (mm) . fciCJfW^S^ffl*^ 0 . 2m 
mCD&ZiCisVZmi U>X©*^[6]©J13dh (m 
m) (3 4) ^iffclT©*^* 

0. Kdh/dc<0. 8 (34) 
[0066)S(34) ©THUJLh-C. &%m&-t-5HC 
fi6£3ti£<D-r\ ttJX±W^J-C*S„ £/c. 5$ (34) 

[0067] fcfc. m 1 U>X©?T2t>®&J3i2<»:te. 3fe 
tt#RfSi3^<*©tf*Rf2liffi5Ct{t$S£teiS. S/tlJttfBIE 

fSse^i*®I©NA©v-^^;l,^^Ai4^-Smi U 
>X©^ffl©^ffi±©{4g?rJg-r o 
[0 06 8 ] */c, ±j£©*tt3}U>Xtti£gA©«I#. 
^S(3 5) ©ffi£«7c^:)y&£*rr£tf;fc' vi>Tv V 

%mm<»ifimv>x-c3bz>zt-c. (35) ©.t^ft 
JSfcg©:)fc{c*tUTfc. m5©*t^u>x-c«:. fs^# 

350nm<A<650nm (35) 
[0069] Site. lfl5©*tt$JU>X-eW:. XsS ( 3 

6) ^fcT©*5*?SOC^ 

0. 7<rl/f<l. 8 (3 6) 

[0070]±S(36) it. U>X©ttJX1££feJK^ 

©WiiEi <D'^ >X £&#{C £ £7c£>©^ffcT- £> -p T . 

S(36) ©TH«±-C» 1 U>X©*2JtlHO*«-r*i 

(c<t^,n-7iRM©^*5^:#<^o-r#r. gfc. mi 

U>X©^^Jl*i/hS<^c'3-r^'^:l ( »©r-. mii^x 
£Jmxo-?>Tt>u>X£-rsc<b#-e#£. S(36) 
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©JtretrF-cm i u>X(d^ia±©ji$7!)SA# < a ►) -r 
*r&(,>©-c. e£ftft^>X£-rsc£#-es. 1 3 
u>x©*jSff]©*^ffi©^ffi©mjAft]S*^# < & 

WBMax-rsisHc. iEfiitc^Eff^^iii&rt^., £ 
/c m2 u>x<tm3 u>x®3fef4mKct^3-7iRM 

m»V^Xt-?Z,Ctfr-C*Z>. 3 etc. feiR^^ffljE 

10 £T-4>. 7 : 7*-ijX&A*< &Ci&S'&C>. 

1007 1 ] Jfc. m5©»^U>X-C«. 3 6(C. -X 
«(37) ^rrSfc-r©*5|!f $ 
0. 5< f 3/f < 1.2 (37) 
[0 07 2] ±5£ (3 7) «. S3U>X©»l'>X 

-C. S(37) ©T01«_h-cm3 U>X©#jE>(IJ©#I* 

*vj\$< ^oT^f^t^-c. $3 u>x£7jnio-^-rc> 

20 ©^-riifcts^^iR^^^oio-r^-r. mi u 
>X©3fel4±©JS3*5^:lf <^o-r^^«,»©'c. miu 
>x£inxu-s>-n>u>x<i-r£c<h#-ct& 0 so 

7) ©±K«T-cm2 U>X<tm3 V>X<D%MTtltC 
<t^nviRM©^*iA#<^«3-r€f)SC»©-C. ffl^S 

feiKg#*iE*£(c&e>&(,>©-e. *js©igg*^B#e«j 

[007 3] £/c, ±^L//cJ;'5«:. 3 fttft J&©*M2j U- 
30 >XiCfcC^-C. fffitffcjCCT yc«©/J%Sl\ M(Om$iTt) 
**rfSfln U>X£. fitter ?^&©*£t\ IE 

©®^*wrsm2 u>x*^strieso. fejRg 

©«E£tTo7c*§£. S&2 U>X©^*iJ? (C«H) *J 

^&tux. mi u>xim2 u>x©st^cwi^-r-s 
mi u>xim2 u>x©>Ftrsi-r-5^ffitctew.& 

ifc£l)tIEftffl#/h3<fc&©-e. Efcffiifc^E&^fr* 

40 [0 0 7 4 ] -e-CT. ##£9BK<fc&m6©*t$IU>X 
tt. ^^^^©IBSSlfc.t^/S/ctiS^©^ 
l/>Xt?*-,t, 3feiSffliJ^e.MSCc. *©JSJr*j£1tf -5 

mi u>x. MiBmi u>XKK*guTis:w6*iiE©ja 
3u>xA5ieg3nfc3^R£^wo. Butemi u>x 

©3t*M©**ffi. fcJ;Omiem3 U>X©*SH«©36 

[007 5] «±©i5K. m 1 U>X©^W©3t^ 
ffl**»BBiT*i. m2 U>X©^%^U>XJnX 
50 XfSIS £ ^ 6 & (, ^IfgtcSiS 3 n/c 3 fttS >&©*f u > 
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[007 6] ±sB©»6©*M»u>xcctei^-c. gnu 

>XOd80T y^Ryd 1, &£{>'gi2 U>XcDdifg 
Or ^tfc * d 2©fi*i^ca (3 8), (3 9) &mit 

-rz^icmi u>xiS2 u>x<DWf4^iitRr^>i, 10 

y d 1<4 0 (3 8) 

y d 2>5 5 (3 9) 

[0077] ±fe<Dftffl£itex-r sect*, ^se ( 4 

OK (4 1) *«fe-ro*JJ:?)»*OC». 
HK3 5 (4 0) 

vd 2>6 0 (4 1) 

[0 0 7 8] ±»©m6<D*i1ilU>Xtt, JfU U>X<t 

^mo#»mw«aiiiEffiffl«:j:or. 20 

t0 07 9]l/c *8(OS*»U>X«jl6««Ea8«» 
■K>gn3ftNAOft#^A (4 2) *j)|fcfci*«a 

0. 75<NA<0. 99 (42) 
[ 0 0 8 0 ] H • IE • jE©«Wt**rt-* 3tMMi<D*Mil 
U>X£:tel>T, ±j£ (4 2) <DcfcMCigNA{tSn/c 

»2 u>x©-^%»3W*ec/jNS<tto-rfifrL/* 

C\ f&2 U>X©flPX#H«i«CS#. »6©»»U> 
Xtli, 31 1 u>X©3(HSffllJ<D*^ffi*#»ffi < b U/ccd 30 
X\ »2l/>XO^W4»SLfc»^Ti *«ffi© 

a^fi»CC«jEStl^i>S«|U>XirSCi:3&5r#«. 
[0 08 1 ] »6©*M»U>Xrra:, H 1 8<D<fc 

^K»2U>X©**SJdc (mm) , & <fc t>'W3&S 
M2b^&0. 2mm(DiS3tc4stt-5»2 U>X(D^c«| 
*I^©»3 d h (mm) OflbP^ (43) Sfttef© 

0. Kdh/dc<0. 8 (43) 
[0 08 2 )^(43) ©TRJ&Lhr , 40 

««s*iscrt\ fttt±*Mraa. a (43) 
[0 0 8 3 ] tt*$ % f&2 u>x©«aa«ja2t tt. * 

£T &<D(C<£Btt % Mm U >X(D^:t#fSIBJi{«ftf8iJcON * 

0. 1< (r4 + r3)/(r4-r3 
[0 09 0 ] ±5£ (4 7) SU^X^lUZU^t 

<, ^tir^rsu>xoffl^2:r^B^>^u>x so 
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[008 4] * fc. ±»D*t«! U >Xtt«fi A (DftPft 
Iffl©jtt*l/>Xr*5Cir, 55 (4 4) <D<fc5ttfi 

350nm<A<6 50nm (44) 
[0 08 5] ttc. ^6(DS»l/>X-Clt (4 
5) £ttfer0*S*7S LI*. 

0. 15<d 2 3 /Ed<0. 40 (4 5) 

[0 08 6] ±SC (4 5) «, SU>X*SftPXU^-T 

<, *nrc^rSu>xo«*S[r*«SS&*t«9U>x 

if4fc»CD*frr*ot, « (4 5) OTK«±r® 

i ux©*^<^wrnccj:S3viDas©^*s^:* 
<«c0-r*&i»or. gri u>x*jjnxu*>-n>u>x 
ttsct^r*. »2u>x©«»±©ss^*< 
aorsfft^a>'c, S*ft3* ! »u>xi'r5c<b3&$-c* 

4. a (4 5) ©±i«K«l U>X(Z)7ttt±<DJ15 

^hs<&o , rafac^<D-c. ® 1 u>X£jjnxu^-n> 
<omzffi'b2< ftOTSf-r. 312 u>x<o^%s*^s 

<frOT^&t>CDT\ »2 U>X*JjnXU*>-n»U>X 

t-raci^-css. £e>*t. s&2 u>x<hgi3 u>x 

4o 

[0 08 7] *te, *6©*twu>xr«\ ;x 

a (4 8) *Mfcr0>*9?Slsl>. 
0. 5< f 3/f < 1.2 (46 ) 

[0088] ±S (46) « % l£3 U>X(D*tt$5U>X 

S(46) CDTI®«±rgf3 U>X©*»M<D#» 

3W/hs<tt"3-rapttc»<Dr. ®3 u>X£ftjxu^ri> 

U>X<h-r*C<h#r*4. */c. »lU>X(D*^ffi 

»i u>X(w6i^©flP33&j**<ao-rar«c^<o-c. 
mi u>x*joxu^'r ou>x<t-rsci*i-c*s. 

Si (4 6) CD±K«Trm2 U>X<t^3 U>X(7)7fett 

3B*fir<DU^T(r**fttu>Xi-ract*s'c*s. s 

[008 9] ttc. m6<D*m\s>ZV&. * 

ac (47) *«fcr©w*o^. 

) < 1 . 2 (4 7) 

£?Z>tc#><DgiftV$>r>X. 5£ (4 7) <OTWiiU±xm 

1 u>xcD3fe^ffi(Djfe$ft-rn«: < fca=i^iRM©^^ 
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#< fcrj-rr ^ i u>x%jjniL-$>-rt>u> 

-TtiiCj: h 3 viR^<D^*iA^ < ft O "f ^ ftt><D-e. 

*a^rt©L^ta>;W&u>X£T6c<h#r*£. ic 
(4 7) ©jjwsiT-cjm is>x<Dmm%mmwM<r> 
lSMmm^wfiths < fto-r^fti^o-c, m i w>x£ 

u>xo*$4±©J¥$*^^< &o-firfti>©-r. na 

ft*t«Jb>X.i-f 

[009 i] jfc, *&wt J: e v i>7 ~j -y'tm. 
it. itmt. mttUfrh tSA9i£i\tcft$i*%tffmm 

tam-r z c i -CB?i23fetsisfass^ic*t-r zumv&m 
x©i >rn** wr •*> c t £#gi <t -r & . 

[0092] CfiWCe . 
* s i0^:^< U>X$^*i3g¥rai&r&£*H3jU>X£ 

K* f>^*5^C-Cfc^iBi[Xll*J^{tbftl>. 
[009 3]*/c, *#£fJ8CC<fc &faSS • S££Sg(i, J: 

©W££tf 5 £>©-£**■&„ £<Dmm • W£$£gtc<fcft 
[0 0 9 4] ftte. *^©*t%U>X«. 4f.£&*BIR 

si-r^i^^stifE^uvxtcsg^sn-r. 

WPgffigti-r^WK^©b>XiL/-CfeiC^ fcSPgii^ 

6© mmmczt Lxtmafim/htu mum. 

£©<EiJ£©)ti*&<:*t^ U > X*«j^ L X h Zt®i U > X-s 

©AS^#©^b*s^ft^©r. jRM^ta^fto. $ 

fc. C©*figJU>X£. WKBi£8f«<:&S^<*a>iE>©f6ffc 
ftSitctt Lt*aWl^t ft & <fc 0 CCiRM1iiE^-5»iS^ 

«. fl«iim!§t£^9*#<{iffir£&©-c. *Mau>x 

<t7ttt*giaS3$fl{*£ ©fS3S£P£ <" C £ # 6„ £ fc. 

c©*t1$5U>X£. &§M^cfr*^ifc&:ftmtcfti,-c 
iR^Aijg/jNift^xfc^KilX^liiE-r^^tJ. *M35U> 
X'NC^cDASfft* 5 ^^ < ft&©T-. «j£B$©ffl£;g 

v>xt?z>ctftxzz>. 

[0095] 
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[0 09 6] Bl<D%t:?*r7:/%8tt. 3S¥3ft«S 
f£©*Hau>Xl <t. 3fezS-C*.5^fl:U--tf3 4. * 
t!S3 A^MtBS tii>%iWb<m.®Lft*%&? £ 1 f¥ 1 ft 

tB&®5*>6©J^:fc£gftrSftt£aJS§4 

4. ^KtU-fatt. 5 0 0 nmtTF©$fi©U— !f 

s»©*t»$sie»^j;0fciiiffia5ct» 
$Rieiiffi 5 cciem 3 n /cts$R©n*fc <t o^v s tarn* 
<r>%? < x ? j; d t> iSffiS{ctt$gfes*ffl 5 ^©tt$6©t a 
10 ^pjtg-c*-s 0 

[0 09 7 ] 01©*t«JU->Xltt. SlU>Xlai 
3H2 U>X1 biI3 b>Xl c<t*»6fiDa;**i, ftlt 
$8IBI§j»tt:ffil©NAttO. 8 5 J:»)4>Ai$n-C^6. 
mi U>X1 ai^2U>Xl btm3U>Xl c tit 
mzmtl d(Cj;»)— (*ffcStlfl»4. S^SUWl d© 

[0098] HlOjEt'v^T*; ^gti. MCC. fffg 
IEISBB5 A^6©JS«7fe=5:^aiS4 tcrSjCtr^gt-r^ii 
20 j£t--A^^'J-;?6i. *>-j -X*)>>f\s>X2 tftm 

u>xi «t©raitciei:3n/ci/4igs^7 1, msv 
it^So */c ^mmmmxit. *>^>;>yu>x 

2?: lSiTi'^^x-^ 1 l{Ci:«3*tt^(C?S-5T:^ 

lExz&x'jx.Ltc. ^m<DBi&icto^xmft?mm 

30 ©-C&&. ftfc. *HJfe©^g|-cti. e-Ax^y-^ 
«^«^tc^* tift c »fc© <h Mft C r £ 1 >. 
[0099] ^tt$8IBii!£gf*©ttfRffii*® 5 *>6©tt#8 
©S^co^-Clft^r.5. ^(*U-tf3*^ffiS*b/c 
itl!W*^'J>i'U>X2tStS!^it 1/4 
ifcBffi7. 8^/M,-C*t^U>XHCJ:0*tS$Sia 

^f$cDtt$siefiffi 5 tc^Tics c ©tt mmm 5 r 

tt$Rf y HCCj:i9^P3n-CJSW(^/c^^)iF]iBjU>X 
1. iK08, l/4-^gS7. *-^X';>yu>X2. 
mt-AX^';,$6, m^t\y>XQ^OX. 

40 ttiS4^A»o. cnccto^D/cm^ft^r'^ttfBfB 

•C#S„ */c. 7ttffSf2iS^»©ttfRI5^ffi^©tf?fi© 

[0100] «±©j: ^fttsfB©f?^B$tc. mwim<D 

tcit¥m& U — V 3 ©SJgjS?S©Sfei>^S6^ (CJ; -5ti 
3fe3t^©§7t^ffir«SiRM^tb*5tfe D fcia^ , * v 
XiJ>^U>X2?:l#7i'faX-^l l -C^iS^rS] 

«cf9orj@^)fts/cw^s-a-c^u>x 1 ccA*f-r 
50 zyt$i(r>&W(.fi*:$ix.2>c±< l c£K), m^t^m<o&ift 
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Mnmmm&<D\mzmms ^©t»«©fs&©*§£ 

[0 10 1] ycec, H2tc<fc9J5'J©36£y 

jeoivrswrr*. @2©*Mau>xi«0i i^stc 

3gf3ft«tJ?rt'*t?, *t»«IBIS«EftffliJ©NA«0. 8 

b>Xl 2 bi^iiJtlfcf-Ai+Xn'V^l 2 

*Sli7*faX-irl li^rtg^.^,, 02TIJ, * 
-^X';>^b>X2 <t l/4&fi«7 <t£¥ig#l^— ?f 

[0102] H2<D3fce-v i>7 ^gictnti, m 1 
ilsHifc:. «gsg^©asSM, #lt#8ta£iy«{*©i£ 

Wm®m2<D$£$}>. £7ctt¥ig(*U~1f3©2SJg$tfi© 

tb#£i; t-Ax+x^>yi2©fii/>xi 

2b£l8l7i>^;i.x-* 1 1 -C3t;IA77[5l(c?9->raW 
7«tSfc:W^;s-t*T*t!&b>X 1 (CASJ-T 

[0 10 3] itc, miis&ZfmZOitVv i>T 

>X2. Jfcttb'-Ai+^0?1 2©fiU>Xl 2 
b£gg»<*t?-S„ C©<fc^£cSfcBSiKMIfctH3Ma> 

09;Uf [SJ-fflBBAK: <£ Z>ftm2 001 — 108378^ 

(cfa»$ftrt>sfc©£/8t,>st ± 

[0104] mi *5iO*a2©?fef v i?T -j 

gKfe^r. mmumm^^Lt^x. Jtmbtcn-,-? 
■c. it t- -j >? 7 •» ym.m<r>mm.\ t. =■ x h # ^ > 
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-r. s3tc^-r®*T*^^M^«. : &ikfr*zytm 

r^ittgiS^Y^JC^5x.Ti2?iJ^#/c?g^^2 b 
4S#7Xii2 c £t^r£SCC*IJf SttrtJM©*/^ 
*g«2 c©P^«C 1 /2ifcg«2 d£ffigl,/dKiySI-^ 
«lli^2ai78 B ^R^2b©^ft^ftK:igi!j 

<!: UT©^,iygT-fr 6©Wlt&M©{4tB©X:/7fa^K 

m&mftifittmx-zz>t><Dx-$>mt£.< . 133©^ 

[0 105] @l*sj:yi2©3(cf^7i'7'g 
gCC*5t,>r. 5 0 0 n m©i&g©l' — *f3fe£#fe£-f 
^U-1f3ibrii. #Hg#tfi#4 0 0nmSg©W 

g^jgiiL-C^ »fi*i400nmfg©SHGU- 

20 *rzmi>zctb-etz. 

[0106] 

[*SiCT] ^{c. *^^jete04i~5{c«fci3lg(csft 

[0107] «&ft©U>XS¥*>6tJf^i**l£?i5NA© 
»8!U>XTIi. &U>Xef|iSI©iI;SglgK:J:&$MiK 
moy£ittt*Zl.>t. &U>XP£iffi*&*f|Sg©pIg# 
ffiitccfc 0 . v > X©^^#.tifltccig{t-f S© 

•c. «&&©u>xm>^ijij&3n&i«5NA©*ftiu> 

X?rg;ltf &P£«. C^>tcSU->XPP B l©<i^MtcJ: 

^i®£± 2 0 dmHi, su>xffirai©{is^M©nF§ 

X®©#gcffi©jti£^ftg£6 0SWT. ^Si!SS*5 
0. 0 5mmJ^±<Lft£<fc5KJirF©fQ6Wl7!rM4© 
U>XI9:5t^f ~~5©*M3JU>X{C|!8 
t^f-fO- H5r^©a 1 «C^-T 0 H^WI6S 
O'llJfeW 7 ©*t^} l^XKM-f&T"-* ©-^?r * 7 tc 
40 Tfs-f „ 

[0108] 

[*1 ] 
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SsJSW4 


NA 


U.irO 


0.97 


0.95 


0.97 




1 .Da 


1.55 


1.58 


1.55 


a Ktnm) 


405 


405 


405 


405 




0.00 


0 00 




n nn 


t (mm) 


0.01 


0.05 


0.05 


0.02 


WD (mm) 


0.07 


0.05 


0.10 


0.05 


(X1+X2'+X3')/(NA^f«(1+ | m | )) 


0.06 


0.05 


0.06 


0.05 


r1/((n1-1)-H> 


-0.20 


0.62 


0.68 


0.75 


r2/((n2H)-f2) 


1.02 


0.64 


0.73 


0.49 


r3/((n3-1)-f3> 


1.00 


1.00 


1.00 


1.00 


P1/P 


-0.03 


0.23 


0.26 


0.24 


P2/P 


0.64 


0.39 


0.42 


0.30 


P3/P 


1.02 


1.04 


1.08 


1.14 


d1/f 


1.20 


0.97 


<.14 


0.98 







NA 


0.85 


f(mm) 


2.35 


X (mm) 


405 


rn 


0.00 


t (mm) 


0.10 


WD (mm) 


0.35 


d n /Zd 


0.20 



[oio9] xmfcmoi'yxiaat.-t&imwiz 2o*pm>{&&. a 2 1 immmki.? z>. 

%Ml:ft*X^ 5fel4K:git^^(6](DlS$?rh. mtfrM [0 110] 



X = 



l + + K)h 2 /r 2 



\A»h' 



[0 l l l ] Sfc, #3t*fem>u>XKi&w/e*g^tf;© 
llJfffi«^»8MBB^4> b t UX,X<D®2 6C J: OiTC t 30 

[0112] 
[»2] 

Ob=n£ b2jh 2 J 

j=i 

[oii3] < $mm i > 40 

[0 1 14] rnmmi «. f = l . 5 8mm. NAO. 
95. t = 0. 01mm. A = 4 0 5 n m. m=0©3 



ommzm 5 tc^-r. u>x#f4«. jjoj^uv 

3mm(c*jW^7iagji^*5 9 5%JiLk. f&fQigbk^Ai 
0.01 96fclT. it**5#j 1 . 0T*5jt?77^f 7 
fiWc. fgl U>X4tIJr^%*-rif 
JCit, /Jd& (A*tl3mm) ©iftN A 3 g¥#}j£#f 
«JU>X-C*»3^*56. 0. 0 7mm©ftf&i£fiS£fiiGi 
bfc. £/c. ^fc3l£tf?6ia^f*ffiiJ©U>XBB?:^<T 
^T©b>Xffi£#££S<L-r&C£-C\ &U>Xffi©(i§ 

s. vyxtmomiz. fcjro'^u^x^oi^^m 

fc. 
[0115] 
[*2] 
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r(«i) 


d(raa) 




vd 




0 




oo 








1 

2 
3 
4 
5 
6 


4.919 
3. 565 
1. 313 
-42. 983 
0.815 
oo 


1. 900 

0. 000 
1.892 

a ooo 

1. 000 
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